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It is an honour and a pleasure to write a foreword for the Mechatronic Futures 
book cleverly devised and edited by Prof. David Bradley and Dr. Peter 
Hehenberger. This contribution is written on behalf of numerous colleagues in the 
UK and the wider world who have supported the Mechatronics Forum in its mis-
sion and activities. Founded in 1990, this forum was formed as an interest group 
in the UK and is currently sponsored by and part of the Institution of Mechanical 
Engineers (IMechE), London. Over the years since its formation, it has enabled 
professional engineers from industry and academia to share innovative ideas in 
this field and has acted as body to champion the discipline.

Mechatronics is a domain which spans most of my professional career and has 
been at the centre of fascinating technological developments and trends in the 
modern world. Mechatronic Futures reviews the origins of the discipline, explains 
the technological changes that have emerged and explores how mechatronics will 
further develop in future years, the challenges it will face and how it might need 
to respond in helping to address some of the grand challenges that are facing 
mankind.

The concept of mechatronic systems was first used in Japan in the 1960s by 
Tetsuro Mori to reflect the emerging role of electronic components used in the 
control and operation of what had previously been inherently mechanical sys-
tems. The Mechatronics Forum came into existence at a meeting held at IMechE’s 
London headquarters on 30 October 1990, attended by over seventy engineers 
excited by an interest in the emerging discipline. It was the first organisation in 
the Western World that recognised the importance of mechatronics and began 
to promote it. Although the word mechatronics has been around since the late 
1960s, it was only in the early 1990s that it was used to any great extent in the 
UK. However, during the 1990s, with the activities of the Mechatronics Forum, 
the term mechatronics and the engineering discipline that it encompasses became 
widely recognised.

Mechatronics today extends beyond the integration of mechanical, electronic 
and computer engineering. Many engineers now see it as embracing a wider range 
of engineering activities, from design through manufacture to the market place. 
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Hence, they regard mechatronics as a major influence in pulling together and inte-
grating the many aspects of engineering which increased specialisation has tended 
to push apart from each other during the past decades. It was in an attempt to solve 
this increasingly challenging problem that the Mechatronics Forum was conceived 
as a first step towards the building of bridges between the many technologies, phi-
losophies and disciplines which comprise mechatronics and the professional insti-
tutions that are committed to their own particular specialised subjects. In the UK, 
engineering institutions are important in sharing technical subjects between pro-
fessionals in industry and academia. They accredit undergraduate and postgraduate 
courses as suitable for covering the academic components of a chartered engi-
neer’s development, and they grant Chartered status to those whose careers show 
sufficient engineering responsibility and understanding to be leaders in their field.

The Mechatronics Forum for its first ten years was supported under an inter-
institutional arrangements, with secretarial and administrative services pro-
vided alternately by the Institution of Mechanical Engineers (IMechE) and the 
Institution of Engineering and Technology (lET). Following this, the Forum has 
been supported by the IMechE and linked with the Mechatronics, Informatics and 
Control Group (MICG).

The founding Committee of the Mechatronics Forum was charged with a broad 
remit including setting up and establishing a publication of a newsletter, popularising 
mechatronics, focusing on educational issues and seeking ways of bringing together 
all those interested in mechatronics, and especially of promoting closer links 
between industry and academia. Many of these are still the remit of the Forum today, 
and significant advances in a number of areas have been facilitated through the aus-
pices of the Forum. The Mechatronics Forum Committee has included a number of 
members from outside the UK, to help with the internationalisation of the Forum 
and its activities as illustrated by most of the biennial international conferences being 
hosted outside the UK.

The original founding members of the Forum were Prof. Jack Dinsdale, the first 
chair of the organisation, Prof. Jim Hewit and Prof. David Bradley, each of whom 
were made Honorary Life Presidents of the organisation.

The showcase activity of the Mechatronics Forum since its formation has been 
the series of biennial international conferences, the first and longest standing con-
ference on mechatronics in the world, featuring important contributions from 
around the globe. The very first conference was organised by Prof. David Bradley, 
whilst working at Lancaster University. The conferences have been an excellent 
means of sharing mechatronic ideas, thinking and applications more widely.

Hosts and venues for the fifteen conferences were:

1989: Lancaster University, UK
1990: Cambridge University, UK
1992: University of Dundee, Scotland, UK
1994: Technical University of Budapest, Hungary
1996: University of Minho, Portugal
1998: University of Skövde, Sweden



Foreword vii

2000: Georgia Institute of Technology, Atlanta, USA
2002: University of Twente, The Netherlands
2004: Middle East Technical University, Ankara, Turkey
2006: Penn State University, Great Valley, Pennsylvania, USA
2008: University of Limerick, Ireland
2010: ETH, Zurich, Switzerland
2012: Johannes Kepler University, Linz, Austria
2014: University of Karlstad, Sweden
2016: Loughborough University, UK

Another highlight in the calendar of the Mechatronics Forum is the Prestige 
Lecture. Every year, an eminent speaker is invited to the headquarters of IMechE 
to deliver a topical and sometimes challenging lecture to the members. The follow-
ing are some of the Prestige Lecturers to date:

•	 The Role of Xero-Mechatronics in New Product Development, Dr. John F. Elter, 
Xerox Corporation, April 1995

•	 Advances in Mechatronics: the Finnish Perspective, Vesa Salminan, FIMET, 
Finland, May 1996

•	 The Industrial Benefits of Mechatronics: the Dutch Experience, Prof. Job van 
Amerongen, University of Twente, the Netherlands, May 1997

•	 Virtual Worlds—Real Applications: Industrial and Commercial Developments in 
the UK, Prof. Bob Stone, University of Birmingham, May 1998

•	 Mechatronics Solutions for Industry, Prof. Rolf Isserman, University of 
Darmstadt, April 2000

•	 Intelligent Mechatronics: Where to go? Prof. Toshio Fukuda of Nayaga 
University, July 2001

•	 Bionics: New Human Engineered Therapeutic Approaches to Disorders of the 
Nervous System, Prof. Richard Norman, University of Utah, July 2003

•	 GM’s Approach to Eliminating Complexity and Making the Business More 
Successful, Dr. Jeffrey D. Tew, General Motor’s R&D Center, September 2004

•	 Mechatronic Design Challenges in Space Robotics, Dr. Cock Heemskerk and 
Dr. Marcel Ellenbroek, Dutch Space, June 2005

•	 Cyborg Intelligence: Linking Human and Machine Brains, Prof. Kevin 
Warwick, University of Reading, May 2006

•	 Iterative Learning Control—From Hilbert Space to Robotics to Healthcare 
Engineering, Prof. Eric Rogers, University of Southampton, March 2007

•	 World Water Speed Record Challenge—The Quicksilver Project, Nigel 
McKnight, Team Leader and Driver, Quicksilver (WSR) Ltd., May 2008

•	 Meeting the Challenges and Opportunities of Sustainability through 
Mechatronics Product Development, Prof. Tim McAloone, Technical University 
of Denmark, Denmark, May 2009

•	 I’m a Control Engineer: Ask me what I do? Prof. Ian Postlewaithe, University of 
Northumbria, March 2010
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•	 Sports Technology: The Role Of Engineering In Advancing Sport, Dr. Andy 
Harland, Sports Technology, Loughborough University, September 2011

•	 Modelling, Control and Optimisation of Hybrid Vehicles, Lino Guzzella, Swiss 
Federal Institute of Engineering, October 2013

•	 The Past, Present and Future of Mechatronics: A Personal Perspective, 
Professor Emeritus David Bradley, Abertay University, February 2015.

In addition to the biennial international conference series and the Prestige 
Lectures, the Forum has supported and facilitated many other activities related to 
mechatronics and its wider promotion including:

•	 Technical visits to industrial and academic organisations where these are open 
to members.

•	 Technical seminars and workshops focussed on particular aspects of the 
discipline.

•	 Mechatronics Student of the Year Award, a competition open to final-year 
degree students and master’s level students based upon their final project 
dissertation.

To conclude the Mechatronics Forum is part of the Mechatronics, Informatics 
and Control Group of the Institution of Mechanical Engineers. It has had an 
important role in popularising mechatronics in the UK and, beyond, focusing on 
educational issues and promoting linkages between industry and academia, and 
seeking ways of bringing together all those interested in mechatronics.

Over the past twenty-five years or so, this has been encouraged through a vari-
ety of conferences, lectures, seminars, events and visits to industry and research 
centres. Mechatronics today is significant in industries worldwide. In our global 
environment, collaboration across the world is valuable in moving towards sus-
tainable systems and solutions to societal challenges. The biennial conferences in 
particular have proven to be very fruitful in sharing ideas and stimulating debate 
between those at the forefront of mechatronics development which we hope will 
benefit societies across the world. Mechatronic future sets out a vision and narra-
tive of how some of the future societal challenges might be addressed and the role 
mechatronics has to contribute to this.

Prof. Philip Moore 
Falmouth University
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1.1 � The Challenge

The period of over 40 years since the concept of a mechatronic system was intro-
duced by Tetsuro Mori [1] to express the growing impact that the availability of 
electronic components was having on the control and operation of inherently 
mechanical systems has been, and continues to be, a period of significant and 
rapid technological change. In particular, there has been a shift in emphasis within 
systems from hardware to firmware and software, leading to the introduction of 
a wide range of consumer products structured around the use of smart devices, 
many of which remain essentially mechatronic in nature in that they bring together 
a core of mechanical engineering with increasingly sophisticated electronics and 
software. When combined with enhanced local and remote communications, this 
has led to the evolution of systems based around the ability of smart objects to 
communicate with each other, and hence to effectively self-configure according to 
context.

This in turn has led to the development of concepts such as Cyber-Physical 
Systems, the Internet of Things and Big Data [2–11] in which interaction is driven 
through the combination of smart objects and information. Referring to Figs. 1.1, 
1.2 and Table 1.1, users access cloud-based structures through smart objects to 
draw on resources provided by a range of, often unknown or invisible, sources.

The growth of provision represented by Table 1.1 has also led to a growth 
in availability of sophisticated user systems where, for instance, smartphones 
increasingly incorporate high-quality still and video imaging capability to the point 
where they are now responsible for more images than conventional cameras. It has 
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Fig. 1.1   Cloud-based structures for the Internet of Things

Fig. 1.2   Cyber-physical systems
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also led to the introduction of a range of user devices for behavioural monitoring, 
smart watches and tablet computers, all of which are capable of interacting with 
other smart devices through the medium of the Internet. Figures 1.3 and 1.4 
together illustrate the daily profile of use for such devices [12–15]. All of the above 
have implications for the design, development and implementation of mechatronic 
systems, and for the future of mechatronics itself [16, 17].

In 2014, in association with the Mechatronics Forum Conference held in 
Karlstad in Sweden, a number of practitioners from around the world were asked 
to provide, in a single phrase, their view of the most significant challenges faced 
by mechatronics in coming years. The responses received are presented as Fig. 1.5 
and will be discussed in more detail in the following sections of this chapter.

1.2 � Challenges

Taking the above responses, the key issues can be summarised as:

•	 Design
•	 Privacy and Security

Table 1.1   Cloud functions

Applications (software as a Service—SaaS) Apps, Games, Mail, Virtual Desktop, Customer 
Management, Communications, Access, 
On-Demand Systems, …

Platform (platform as a Service—PaaS) Runtime Operation and Management, Databases, 
Web Server, Tools, Computation, …

Infrastructure (infrastructure as a 
Service—IaaS)

Virtual Machines, Servers, Storage, Load 
Balancing, Networking, Communications, …

Fig. 1.3   Daily profile of use for mobile phones, PCs and tablets (after [12])
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•	 Complexity and Ethics
•	 Ageing Population
•	 Users
•	 Sustainability
•	 Education

Each of which will be briefly discussed in the following sections.

1.2.1 � Design

Conventional approaches to engineering design typically follow a path such as 
that defined by the simplified V-Model of Fig. 1.6 with integration being achieved 
through a structured system definition followed by a process of system develop-
ment supported by appropriate testing regimes to support verification and valida-
tion. Individual modules and sub-modules, including those from external sources, 
are then tied into the design by a process of specification, test, verification and 
validation to ensure overall system functionality.

This approach has evolved over many years through the synergetic interaction 
between design theory and design practice. However, it is the case that design the-
ory must inevitably lag behind practice where the possibilities afforded by new 

Fig. 1.4   Mobile phone use (after [13])
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Fig. 1.5   Practitioner 
responses regarding 
challenges facing 
mechatronics


